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How Do Learners Interact with Photos, Graphics, and Maps in
Geography Textbooks while Completing a Learning Task?

Wie interagieren Lernende visuell mit Fotos, Grafiken und Karten in Geographieschulbiichern wahrend
der Bearbeitung einer Lernaufgabe?

¢Como interactian los estudiantes con fotos, graficos y mapas en los libros de texto de Geografia
mientras completan tareas de aprendizaje?

Yvonne Behnke &

Zusammenfassung Diese von einem Fragebogen begleitete Eye-Tracking-Studie untersuchte visuelle Informationsselektions-
prozesse Lernender auf Fotos, Grafiken und Karten von Geographieschulbiichern wahrend des Bearbeitens zweier Aufgaben.
Hierflir wurden Daten von 58 Lernenden (14-17 Jahre) analysiert. Die Datenauswertung zeigte, dass erfolgreiche Aufgabenlo-
sungen durch eine effektive und effiziente Informationsselektion gekennzeichnet waren: u.a. relevante Textabschnitte, statt
den gesamten Text durchzulesen sowie die Integration aufgabenrelevanter Abbildungen in die Aufgabenbearbeitung, auch
wenn Abbildungen haufig nur kurz betrachtet wurden. Die Studie liefert Einblicke sowohl in die Usability aktueller Geogra-
phieschulblcher, als auch in Herausforderungen in Bezug auf die Wissenskonstruktion, die sich aus visuellen Parametern ab-
gebildeter Fotos, Grafiken und Karten ergeben kénnen. DarlGber hinaus wird Optimierungspotenzial von Abbildungen in Geo-
graphieschulblchern hinsichtlich einer lernférderlichen Integration von Abbildungen und Aufgaben in Lernmedien elaboriert.

Schliisselworter Visuelle Aufmerksamkeit, Aufgaben, Fotos, Grafiken, Karten, Eye-Tracking

Abstract This paper presents the results of an eye-tracking study accompanied by a questionnaire investigating learners’ visual
information selection of textbook elements while completing two tasks. Data from 58 students (14-17 years) were analyzed. The
study revealed that participants who successfully completed the tasks also selected relevant information effectively and effi-
ciently. Among other things, they considered relevant text and integrated relevant images into task-processing. The study pro-
vides insights into current Geography textbooks and their usability (challenges) regarding photos, graphics, and map usage to
construct geographical knowledge and elaborates optimization potential regarding image usability and a learning supporting
integration of images and tasks.

Keywords visual attention, textbook tasks, photos, graphics, maps, eye-tracking

Resumen Este articulo presenta los resultados de un estudio de seguimiento ocular acompafado de un cuestionario que
investiga la seleccién de informacién visual de los elementos de libros de texto por parte de los alumnos mientras completan
dos tareas. Se analizaron los datos de 58 alumnos (14-17 afos). El estudio revelé que los participantes que completaron con
éxito las tareas también seleccionaron informacion relevante de manera efectiva y eficiente. Entre otras cosas, consideraron
texto relevante e integraron imagenes relevantes en el procesamiento de tareas. El estudio proporciona informacion sobre los
libros de texto de Geografia actuales y su (desafios de) usabilidad con respecto a fotos, graficos y uso de mapas para construir
conocimiento geografico y elabora el potencial de optimizacién con respecto a la usabilidad de la imagen y una integracion
de apoyo al aprendizaje de imagenes y tareas.

Palabras clave atencién visual, tareas de libros de texto, fotografias, gréficos, mapas, seguimiento ocular
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1. Introduction

In Geography, which is a method- and media-in-
tensive school subject (DGfG 2020), images are
considered powerful tools for teaching geograph-
ical concepts (WIDDOWSON & LAMBERT 2006) and
essential instruments for geographical knowledge
construction (LAMBERT 2008).

Textbooks remain indispensable tools for learn-
ing and are the most important and frequently uti-
lized educational medium in schools (KNIGHT ET AL.
2017; FucHs & Bock 2018; HEMMER ET AL. 2020a). In
response to the multimodal turn (BucHer 2013), cur-
rent Geography textbooks have become complex
constructs containing multiple visual and textual rep-
resentations (BUCHER 2013; TRAHORSCH ET AL. 2019).

Research demonstrates that images in learn-
ing media can bridge the gap between scientific
theories and the experienced world, thus sup-
porting content understanding, attracting and
guiding attention, and potentially positively af-
fecting memory and text comprehension (HANNUS
& HYONA 1999; ARNESON & OFFERDAHL 2018;
STILLER ET AL. 2023). Studies examining the multi-
media effect (MAYER 2014) confirm that learning
based on both image and text is usually more ef-
fective than opting for either image or text (EITEL
& SCHEITER 2015; SCHNOTZ ET AL. 2017a; LINDNER
ET AL. 2018). Therefore, it is hardly surprising that
recent empirical evidence on Geography teach-
ing practices has uncovered the use of photos
and images as one of the most frequently utilized
teaching practices in Geography lessons (HEMMER
ET AL. 2020a). These results follow previous re-
search findings, revealing that Geography teach-
ers consider images important didactic instru-
ments in their classrooms (KLEINER 2015).

However, previous research also disclosed
learners’ challenges in successful knowledge con-
struction with photos, decoding pictorial informa-
tion from graphic visualizations, and integrating
images with text meaningfully in the respective
learning context (BALLSTAEDT 2017; SCHEITER ET AL.
2018; SEUFERT 2019).

Overall, various factors can impact learners’ at-
tention to textbook images. Thereby, influencing
factors can be intrinsic, such as the perceived use-
fulness of a depicted image on a textbook spread
for content comprehension, or extrinsic, such as a
textbook task (HYONA 2010; MAGNER ET AL. 2016).
Consequently, both visual design aspects and task
parameters may affect students’ information selec-
tion when learning with textbooks. Therefore, text-
book design and textbook tasks are central ele-
ments in guiding learners’ visual attention through

textbook resources. However, EMHARDT ET AL.
(2020) identified limited knowledge on how learn-
ers visually interact with textbook resources when
completing a task.

Moreover, the way learners interact with images in
educational media is still a marginal topic in educa-
tional research (BALLSTAEDT 2017). Issues of how im-
age parameters may affect students’ learning have
not yet been fully explored (STILLER ET AL. 2023).

BEHNKE's (2016a; 2016b; 2017) exploratory eye-
tracking study analyzed participants’ visual attention
to text, graphics, and photos depicted on five differ-
ent Geography textbook spreads on the nutrition
cycle in the tropical rainforest, finding that learners
dedicated scant visual attention to the depicted
photos and limited attention to the graphics. In
contrast, continuous text received marked focus,
particularly when students completed tasks from
the textbooks’ exercise section. However, BEHNKE's
(2016a; 2016b; 2017) studies has several limita-
tions, such as a small sample size (20), heteroge-
neous sample composition (secondary school stu-
dents and university students), and the item struc-
ture of the accompanying questionnaire. Neverthe-
less, BEHNKE's (2016a; 2016b; 2017) results are con-
sistent with empirical evidence from Educational
Psychology regarding learners’ limited attention to
images in multimedia learning and with some stu-
dents even feeling distracted by images in learning
media (SCHMIDT-WEIGAND ET AL. 2010; SCHNOTZ ET
AL. 2014; SCHEITER ET AL. 2014; EiTEL 2016).

By investigating attentional processes on pic-
tures in Geography textbooks during task solving,
this study takes a first step towards further develop-
ing concepts on how images in Geography text-
books can best support the construction of geo-
graphical knowledge. Therefore, the present study
builds on BEHNKE's (2016a; 2016b; 2017) ex-
ploratory results as well as on the theoretical model
of Usability Parameters of Well-designed Geogra-
phy Textbook Visuals (BEHNKE 2021) while aiming to
explore the following research questions:

Q1: How do the usability parameters of photos,

maps, and graphics affect visual information se-

lection during task processing?

Q2: What visual information selection patterns

characterize content comprehension and text-

book tasks?

Q3: Which visual information selection pat-

terns characterize correct and incorrect task

processing?
Addressing these research questions requires a
multidisciplinary exploration of concepts, theories,
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and empirical evidence (Section 2) followed by a
detailed description of both method and sample
(Section 3). After having introduced the main find-
ings (Section 4), the paper discusses them (Section

2. Theoretical Background

The theoretical model this study rests on originates
from an exploratory eye-tracking study combined
with a structured literature review focused on ap-
proaches, theories, and empirical evidence on
learning-effective and motivating image design in
educational media. Therefore, the following sub-
section first introduces the theoretical model (Sec.
2.1). Subsequently, additional facets of the inter-
play between visual attention, images in geo-
graphical learning media, and tasks in learning
media further contextualize the model (Sec. 2.2).
The last subsection (Sec. 2.3) discusses both chal-
lenges and potential of eye-tracking as a method
to analyze learners’ visual information selection
when completing Geography textbook tasks that
involve textbook visuals.

5) in light of the theoretical framework outlined in
Section 2. Finally, some concluding thought, in-
cluding limitations and an overall outlook (Section
6), close the paper.

2.1 The Theoretical Model of Usability
Parameters of Well-designed Geography
Textbook Visuals

Exploring the critical parameters of learning-effec-
tive visuals in educational media, in general, and
Geography textbooks, in particular, requires the
consideration of both empirical results and theo-
retical models from a range of disciplines.

BEHNKE (2021) conducted a structured litera-
ture analysis to examine which theoretical ap-
proaches and empirical findings on multimodal
learning could apply to images in Geography text-
books and which are critical parameters encompass-
ing motivating, learning-effective images in educa-
tional media. Thereby, BEHNKE (2021) considered
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Fig. 1. Usability parameters of well-designed Geography textbook visuals (Source: BEHNKE 2021, p. 28

amended)
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results from a variety of fields, such as Geography
(Visual Geographies), Geography Education, De-
sign (visual communication, information design,
user experience design), Educational Psychology
(multimedia learning, instructional design, motiva-
tional theories), and Media Studies (visual literacy,
usability research).

Based on her results, the author developed the
model of Usability Parameters of Well-Designed
Geography Textbook Visuals (Fig. 1, cf. BEHNKE
2021). The model rests on six usability parameters
for visuals in learning media, namely usefulness (to
achieve learners’ goals), interest (relevant content,
new perspectives), aesthetics (visual appeal),
(quick and easy) orientation, helpfulness (support-
ing task processing and content comprehension),
and comprehensibility (image content connects to
topics). Consequently, visuals featured in educa-
tional media designed for the school subject Ge-
ography that exhibit these six usability parameters
are considered as conducive and motivating for
learning. A confirmatory factor analysis (BEHNKE
2022) validated the six usability parameters of
well-designed Geography textbook visuals.

Using the example of visuals in Geography text-
books, subsection 2.3 further contextualizes the
theoretical model by examining interrelations and
reciprocities between textbook visuals, textbook
tasks, and learners’ visual attention to discontinu-
ous textbook elements.

2.2 Interrelations between Learners’ Visual
Attention, Textbook Images, and Textbook
Tasks

Successful  knowledge construction depends,
among others, on learning media design and on
how efficiently and effectively learners use the ed-
ucational media for their knowledge construction
(HELMKE 2014). Therefore, learners’ targeted visual
attention to relevant information, for example, on a
textbook spread, is a first prerequisite for knowl-
edge construction, which is done by filtering out ir-
relevant and selecting relevant information respec-
tive to learners’ objectives (CARRASCO 2011; BI-
SCHOF ET AL. 2019; ). Thereby, learners’ objectives
vary from processing a given task featured in the
textbook to comprehending the content of a text-
book spread.

Research on learners’ visual attention in multi-
media learning (PETTERSSON 1995; 2000; HYONA,
2010; MAGNER ET AL. 2016; Emhardt et al. 2020)
showed that both extrinsic and intrinsic factors
may affect students’ visual attention and informa-
tion selection from textbook images. For example,
references to images included in textbook tasks

constitute an extrinsic factor, while students’ indi-
vidual perceived usefulness of images in relation
to the educational objectives prescribed in tasks
fall into the category of intrinsic factors. Usability
research had repeatedly proven interrelations be-
tween perceived usefulness and visual attention
(OrRQUIN & MUELLER Loose 2013; Bousko 2014;
PaDILLA ET AL. 2018).

Based on the DIN ISO 9241 norm definition of
the term usability (ISO 2018) supplemented by
BoJko's (2014) definition of usability, the usability
of a textbook image can be defined by the extent
to which the image serves learners to achieve an
objective, such as effectively, efficiently, and suc-
cessfully completing a task. Here, the design of ed-
ucational media is supposed to facilitate learners’
knowledge construction and task processing by
reducing cognitive load, guiding learners’ atten-
tion (SEIDL 2018), and supporting learners in find-
ing, understanding, and processing relevant infor-
mation (HoLsaNovA 2014).

However, visual attention is not synonymous
with effect (HEIMANN & ScHUTZ 2017). For example,
long visual attention to a graphic may indicate
challenges in image decoding (CLINTON ET AL.
2017). In contrast, familiar image motifs are often
observed briefly and superficially, and thus, rele-
vant details are overlooked because viewers as-
sume that they have already grasped the informa-
tion coded in the image (illusion of full under-
standing) (PEECK 1993).

A further challenge concerning images origi-
nates from learners facing difficulties when asked
to decode and interpret textbook images within a
particular context required by a task (SCHEITER ET
AL. 2018; SeUFerT 2019). Consequently, for many
learners, images in educational media are chal-
lenging (WEIDENMANN 1989; 1994; Horz &
ScHNOTz 2009; BAADTE & ScHNOTZ 2012). There-
fore, research on multimedia learning has exam-
ined approaches to support learning with images
and image-text combinations.

In this context, studies on emotional design and
the Cognitive Affective Social Theory of Learning
with Multimedia (CASTLM, cf. BEEGE 2019; STILLER
ET AL. 2023) report positive effects of well-de-
signed images on learning motivation (MUNCHOW
& BANNERT 2019), enhanced learning outcomes
(WONG & ADEsopPE 2021), and a decreased per-
ceived difficulty of learning tasks (BROM ET AL.
2018). However, to be learning-effective, the de-
sign of learning materials must not overload learn-
ers’ working memory (cognitive load theory, cf.
CHANDLER & SWELLER 1991).

In conclusion, both learners’ attention dedi-
cated to textbook images and learners' visual infor-
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mation selection when working with textbook
spreads are complex processes that may be af-
fected by various extrinsic and intrinsic, affective,
cognitive, and motivational factors (DucCHOWSKI
2007; CarrAsco 2011; HoLsanova 2014). These fac-
tors include the individual's perceived usefulness of
textbook resources and the tasks in the learning me-
dia. Tasks are of particularimportance for the aims of
the present paper, reason why the following subsec-
tion dedicates special attention to eye-tracking-
based approaches to studying how students work
with tasks in Geography textbooks.

2.3 Eye-tracking, Visual Information Selection,
and Geography Textbook Tasks

Tasks featured in educational media are essential
pedagogical instruments for teaching and learning
(BaLLis & PEYER 2012) and considered relevant in-
struments in the context of learning with images in
Geography classrooms (UHLENWINKEL 2007). Text-
book tasks promote, among others, self-regulated
learning and aim to support problem-solving skills
(LEnz 2015).

Based on the analysis of Geography textbooks,
JANKO ET AL. (2018) presented empirical evidence
revealing students’ challenges to integrate geo-
graphical visualizations into problem-based text-
book tasks. Therefore, further research on the inter-
relations between tasks and images seems particu-
larly important for the school subject Geography.

Indeed, links between tasks and visuals fea-
tured on textbook spreads may affect learners’ vis-
ual attention. Over the decades, several studies
found that task structure, typology, and phrasing
may impact learners’ visual information selection
(YARBUS 1967; RAYNER 2009; SCHNOTZ, ET AL. 2017b;
EMHARDT ET AL. 2020). Thus, textbook task parame-
ters may direct learners’ visual attention (RAYNER
2009; EMHARDT ET AL. 2020). In addition, learners’
skills and previous knowledge may also affect their
visual information selection during task processing
(KNIGHT & HORSLEY 2014; SCHEITER ET AL. 2018).

Eye-tracking as a research method enables the
investigation of learners’ visual attention by mea-
suring eye movements, such as the location and in-
tensity of learners’ visual attention when process-
ing a task on a textbook spread (HoLmavisT ET AL.
2010; Bouko 2014). Several studies explored the
interrelations between visual perception, visual at-

3. Methods and Sample

Exploring the three research questions requires the tri-
angulation of data originating from three sources,
namely participants’ eye movements (fixations), partic-

tention, and cognitive processing of visual infor-
mation (HoLmavist ET AL. 2010; KLEIN & ETTINGER
2019; EMHARDT ET AL. 2020).

However, when examining the interrelations
between tasks in educational media and learners’
visual attention to textbook materials, there is a
need to distinguish between eye-tracking tasks
and learning tasks. On the one hand, typical eye-
tracking tasks are visual search, scene perception,
or text reading (RAYNER 2009; HYONA 2010). On the
other hand, textbook tasks often are complex as
they may carry the imprints of pedagogical, the-
matic, and instructional factors that also affect
learners’ visual attention.

Furthermore, when analyzing eye-tracking data
regarding visual information selection during task
processing, it is important to consider how human
beings receive and process visual information. Eye
movements are generally divided into saccades
and fixations. New information is acquired only dur-
ing fixations (RAYNER 2009), and a person can only fix-
ate on a small area at a time. Even though only a few
fixations are sufficient to perceive a rough scene gist
(LoscHKY ET AL. 2018), at least 150 ms are needed to
decode image properties ( RAYNER 2009; RAYNER ET
AL. 2009; LOSCHKY ET AL. 2018).

One of eye-tracking’s advantages is that it gives in-
sights into invisible processes, such as the identification
of textbook elements observed during task processing
regardless of their effect on learning outcomes (KNIGHT
ET AL. 2014; CLINTON ET AL. 2017). Therefore, eye-track-
ing is useful to analyze visual attention but it is challeng-
ing to explain, based on eye-tracking data alone, why a
participant observed or ignored a stimulus (BISCHOF ET
AL 2019). Long fixation durations, for example, on an
image, can be a sign of both learmners experiencing dif-
ficulties in image decoding (cognitive overload,
SWELLER & CHANDLER 1994) or an indication of deep
cognitive processing (CLINTON ET AL. 2017).

Hence, it is necessary to combine eye-tracking
data with data obtained through other methods (e.g.,
questionnaires). Moreover, it is useful to interlink data
collected by means of questionnaires to information
on how learners interact with their learning materials
(Sass ET AL. 2017; HORMANN 2019; EMHARDT ET AL.
2020) because their triangulation can provide more
comprehensive insights (Guo ET AL. 2019).

The next section outlines in detail the opera-
tionalization that combines eye-tracking with ques-
tionnaire-based data collection.

ipants’ answers (questionnaire), and three Geography
textbook spreads (formal parameters). Because visual
attention is, amongst others, task-dependent (see Sec-
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tion 2), tasks served to direct the participants’ visual at-
tention. Nevertheless, the focus of this study is on
learners’ visual attention to discontinuous text ele-
ments included in Geography textbooks and not on
the assessment of participants’ learning performance.
This section first describes the experiment de-
sign, offering details on participants, stimuli, appa-
ratus, procedure, and set tasks (Section 3.1). It sub-
sequently proceeds to presenting the question-
naire (Section 3.2) used for data collection to con-
clude by sketching data analysis (Section 3.3).

3.1 Experiment Design

The study presented in this paper examined how the
participants observed three different Geography text-
book spreads during an eye-tracking experiment. Af-
terwards, the participants assessed the visual design
elements featured in the stimuli through a follow-up
questionnaire.

3.1.1 Participants

From June to October 2019, a total of 69 students
with normal or corrected-to-normal vision from four
lower and upper secondary schools (14-17 years
old, grades 9 and 10) of three German federal states
participated in the experiment. The sample was dis-
tributed across three federal states, four secondary
schools, and nine school classes to prevent bias.
Learners’ observation patterns across the sample re-
mained outside of this study's scope.

Of the 69 datasets, eleven had to be excluded:;
ten due to eye tracking data loss (gaze sample rate
under the 80% threshold) and one because of miss-
ing data in the questionnaire. Consequently, the fi-
nal sample consisted of 58 datasets (29 females, 29
males, Mage 15.26 years, SDage 0.80). The con-
ducted data collection took place on-site at the re-
spective secondary schools. All students partici-
pated voluntarily without any remuneration. Data
collection and processing was in compliance with
the legal, ethical, and administrative requirements
in place at state, institution, and university level.

3.1.2 Stimuli
The study used three stimuli (A, B, and C), consist-
ing of three textbook spreads on three different
topics (Figs. 2-4). Participants observed the spreads
on a screen as a high-resolution PDF document in
original size (two-page spread in full-color).
The stimuli selection rested on the following cri-
teria:
(a) The three topics (1) earthquakes, (2) tropical
rainforests, and (3) agriculture enabled the-
matic variability and a range of differentimage
contents and visualization styles.

(b) The textbook spreads originated from three

current textbooks published by three different

German textbook publishers (year of publica-

tion: 2015, 2017, 2018).

(c) The stimuli originated from different visual

design concepts to investigate the influence of

visual design features on learners’ visual atten-

tion and information selection.

(d) Each spread contained continuous text,

graphics, photos, and a map.

(e) All spreads featured similar tasks that refer-

enced textbook visuals (recommendations to

students to use specific visuals to solve the task

in case).

(f) Students already acquired knowledge on

the three topics prior to data collection.

(g) The curricular documents of the three fed-

eral states featured the three topics.
Given that tasks and usability parameters of text-
book visuals may affect learners’ information selec-
tion, all photos, graphics, and maps featured in the
textbook spreads A (Fig. 2), B (Fig. 3), and C (Fig. 4)
are specified in Fig. 5 in relation to their usability to
complete the tasks.

The three stimuli's (spreads A-C) formal visual
parameters (Fig. 5) target different visual attention
distribution during task completion. In the cate-
gories photo and map, the three stimuli show con-
siderable differences both in the relevance of their
image contents and the adequacy of the image pa-
rameters with possible impact on task processing.

While spread A mainly depicts images (photos,
graphics, and a map) with relevant content of ade-
quate size, placement, and quality to complete
tasks 1 and 2, spread C’s photos are primarily dec-
orative and void of relevant information for pro-
cessing the set tasks. The same applies to the map
(inadequate size, placement, and mainly decora-
tive) and photo M3 (decorative) on spread B.

Furthermore, there are marked disparities be-
tween the three stimuli concerning the appropriate-
ness of depicted graphics for the respective ad-
dressees (14-17-year-old secondary school students).
For example, graphic M3's childlike illustration style as
well as its closeness to photo M4's content (doubling
of information) might also affect the participants’ visual
attention to the depicted textbook resources.

Investigating textbook images’ formal design and
usability parameters is significant because relevance,
usefulness, and image quality may potentially affect
learners’ visual information selection when process-
ing textbook tasks linked to discontinuous text
(MAGNER ET AL. 2016).

A further important aspect is the differing num-
ber of references featured in the textbook tasks to
be solved as part of task 2, since task parameters
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Fig. 2. Stimulus A (Source: © Cornelsen, Germany, FISCHER ET AL.
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46

Fig. 4. Stimulus C (Source: © Westermann Gruppe, Germany, FLEISCHHAUER ET AL. 2015, pp. 46-47)
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may affect learners’ visual information selections
(YARBUS 1967; RAYNER 2009; EMHARDT ET AL. 2020).

While spread A lists three resources (M3-M5),
spread C only refers to the pie charts in M5, and
spread B’s tasks do not contain any material refer-
ences. The number of material references also
might affect participants’ visual attention and infor-
mation selection processes during task completion.

Finally, itisimportant to consider the three stim-
uli's formal page layout organization because page
layout may attract and guide or impede visual at-
tention and information selection (HEIMANN &
ScHUTZ 2017; SEIDL 2018; WONG & ADESOPE 2021).
Spread A'’s structure rests on a three-column lay-
out. The continuous text is arranged in three nar-
row text columns with subheadings structuring the
text blocks and key words highlighted in bold of-
fering guidance. Spread B follows a two-column
layout with an additional margin column. The con-
tinuous text is located at the bottom of the double-
page spread, while discontinuous elements popu-
late the top. Two subheadings structure the contin-
uous text that does not contain any highlighted
keywords. The margin column presents further ex-
planations and definitions. Finally, spread C's two-
column layout structures the continuous text using
one subheading. Keywords appear highlighted in
bold. While the continuous text populates the left
page, discontinuous text constituting the materials
appears on the right page. Photos are positioned at
the top of the double-page spread.

3.1.2 Apparatus

A Tobii Pro X3 120 remote eye-tracker with a 120
Hz sampling rate, running Tobii Studio software,
collected the participants’ eye movement data.
Participants observed the stimuli on a Dell Latitude
5580 laptop (15.6"; 1920x1080 pixels with a 60 Hz
refresh rate) at a viewing distance of approximately
60 cm. Eye movement data from both eyes were
recorded. An IVT filter algorithm with a minimum
fixation duration of 150 ms was applied for fixation
detection (according to RAYNER 2009 and RAYNER
ET AL. 2009). Eye movement data were processed
with Tobii Studio 3.4.8.

3.1.3 Procedure and Set Tasks

Following an introduction to the procedure, partic-
ipants went through a 5-point calibration. Subse-
quently, participants worked on two tasks.

Once task 1 appeared on a grey screen, the par-
ticipants were asked to first observe the textbook
spread which was to appear on the screen and, sub-
sequently, to determine what was presented on the
spread (visual search and content comprehension
task). During observation, participants’ eye move-

ments were recorded. After observing each text-
book spread, the participants completed a multiple-
choice test on stimuli content with three possible
answers. Following the completion of the multiple-
choice test, participants were presented with task 2,
namely a task from the exercise section of the stim-
uli. The same textbook spread appeared a second
time, and the participants were required to solve a
textbook task featured in the stimulus. Each partici-
pant observed three textbook spreads with three
different topics, solved three textbook tasks, and
completed three multiple-choice tasks.

There was no overall time limit. Each participant
decided how much time to dedicate to each task.
The test was randomized. Each participant ob-
served the stimuli in a different order, but each text-
book spread (A, B, and C) was presented twice in a
row (task 1 and task 2).

After the eye-tracking experiment, the partici-
pants completed a questionnaire (see Section 3.2)
evaluating each stimulus’ layout, photos, graphics,
maps, and continuous text. While filling in the ques-
tionnaire, participants were provided with full-size
color copies of the three stimuli (spreads A, B, and C).

3.2 Questionnaire

The questionnaire (39 questions) measured how stu-
dents evaluated the three Geography textbook
spreads’ visual design elements on a 5-point Likert
scale (5=very good to O=not at all).

ltem consolidation rested on the principles of
empirical social sciences (cf. KIRCHHOFF ET AL. 2010
and Porst 2014). Each item originated from the
theoretical model (Fig. 1), the structured literature
analysis, and the explorative eye-tracking study's
findings (BEHNKE 2016a; 2016b; 2017). Following
the categories layout, photos, graphics, maps, and
text (Fig. 1), the participants evaluated the three
textbook spreads with different designs and con-
tent in line with the theoretical model's (Fig. 1) six
usability parameters usefulness, interest, aesthet-
ics, orientation, helpfulness, and comprehensibil-
ity. The participants reasoned which textbook
spreads they rated as most and least favorable for
their learning using two open questions.

The scale for measuring learners’ rating of the
textbook visuals is reliable (Cronbach'’s alpha: lay-
out. 775, photos .854, graphics .906, maps .920,
and continuous text .852).

3.3 Data Analysis
The analyzed data originated from three sources:

(1) three Geography textbook spreads (three
topics, three designs)
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Task1
What is the textbook
spread about?

Multiple-choice

Task 2
(Textbook
Exercise)

Photos

Fig. 5. Formal visual parameters and task parameters of the stimuli (spreads A-C; source: author)

Spread A
(Earthquake in California)
Possible Answers
(a) San Francisco is an earthquake-prone

Spread B
(Deforestation/Slash & burn)

Possible Answers

area.
(b} Florida is an earthquake-prone area.
(c) California is notan earthquake-prone
area.

2 Explain the origin of earthquakes
in California (M3-M5).

References
M3 map

M4 phato
M35 graphic

2 photos

M2

Cantent: Earthquake damage on an
urban highway

Caption: destruction of a highway in San
Francisco after the 1989 earthquake

Cantent: ablique aerial view of the San
Andreas Fault

Caption: San Andreas Fault

Relevance for Task 1:

bath photas contain relevant information

Relevance for Task 2
M2 = relevant information
M4 = relevant information

2 graphics

M5

Cantent: schematic infographics: four
steps of the dislocation of Earth crust
blocks during earthquake

Caption: dislocation along a fault line

Relevance for Tasks 1 & 2
relevant

M7

Cantent: infographic

top: complex infographic; functioning of
seismograph

bottom: seismagram

Caption: seismograph and seismogram

Relevance for topic comprehension:
additional information

Relevance for Tasks 1 & 2
additional information

one map

M3

Cantent: reduced thematic map of
California earthquakes and San Andreas
Fault

Caption: Earthquake in California

Relevance for Tasks 1 & 2
relevant

() The ¥: i are using the
rainforest sustainably.

(b} The Yanomami damage the rainforest
through slash-and-burn agriculture.

(c) The Yanomami are indigenous people
of Papua New Guinea.

1 Explain the term slash-and-burn
agriculture with the help of the text
and the materials.

No references!

content for task solution

M3 graphic

M4 photo

M35 graphic

2 photos

M2

Cantent: fereground: Yanomami
harvesting crops; background: rainforest
Caption: Yanomami cultivating their
cops

Relevance for Tasks 1 & 2:
irrelevant, decorative/illustrative

M4

Cantent: ablique aerial view, landscape,
forest clearing areas in different stages,
marks: A-E

Caption: slash-and-bum landscape with
different stages of slash-and -burn
agriculture

Relevance for Tasks 1 & 2

doubling information of M5; poor
contrast, letters difficult to identify, lacks
legend, slash-and-bum islands are
difficult to distinguish

Challenge

relevant information is not recognizable
2 graphics

M3

Cantent: three-part illustrative graphic,
three stages of slash-and-bum
agriculture, no explanatory text

Caption: stages of slash-and-bum
agriculture

Relevance for Tasks 1 & 2
doubling information of M4

Challenge

relevant information might be
overlooked due to childish illustration
style and missing text labelling

M5

Cantent: bar chart: yield and lifecycle of
slash-and-bumn agricultre (four
years/four crops)

Caption: yield and lifecycle of slash-and-
burn agriculture

Relevance for Tasks 1 & 2
relevant information

Challenge

undlear division of axes and columns
might cause difficulties in allocation and
understanding

one map

M1

Cantent: two small overview maps: ane
world map, one map of Brazil with
Yanomami settlement area

Caption: Yanomami settlement area

Relevance for Tasks 1 & 2

additional information; localization of the
Yanomami area

Spread C
[More than Food production or not-
The Agricultural Glant USA (orig.)

Possible Answers

(a) The bestagricultural areas in the USA
are in California.

(b} The agricultural area of the USA is
smaller than that of the EU.

() The agricultural heartland of the USA
is in the Great Flains.

1c Explain the importance of US
agriculture in global comparison
(M5).

Reference
M5 graphics

further useful information
M3 map

3 photos

M1

Content: harvested field, combine
harvesters; foreground: two farmers
Caption: US/modem agriculture

M2

Content: red wooden house on a hill,
meadow and fence

Caption: traditional farming

M3

Caption: oblique aerial view of a large
field with carousel irrigation

Caption: carousel irrigation in the US
Relevance for topic comprehension:
decorative

Relevance for Tasks 1 & 2
decorative with unspedific content

2 graphics

M5

Content: six pie charts, US share of world
production {wheat, soya, milk, com,
cotton, meat)

Caption: US share of agriculture of global
production

Relevance for Tasks 1 & 2
Relevant

Challenge

data need to be decoded and related to
other countries; comparative data from
other countries are missing

M7

Content: bar chart with pictograms
depicting the increase in agricultural
production per farmer since 1940
Caption: people supplied by a US farmer

Relevance for Tasks 1 & 2
additional information

Challenge
yearis missing; design is old-fashioned

one map

M3

Content: thematic map of land use in the
Us; map of Germany far comparison
Caption: land use in the US heartland

Relevance for Tasks 1 & 2
relevant
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(2) questionnaire (39 questions)

(3) eye movement data (fixations)
Each element of the stimuli was marked as an area
of interest (AQOIl), grouped by media type and
color-coded by media type (text=red, map=green,

4. Results

This section first introduces the result obtained
through the questionnaire (cf. Section 3.2) pre-
sented to the participants as part of the experi-
ment (Section 4.1) followed by eye-tracking data
exploring visual information selection patterns
(Section 4.2).

4.1 Participants’ Evaluation of Images Featured
on Spreads A-C (Questionnaire)

Students evaluated the photos, graphics, and maps
depicted on spreads A-C by answering questions
based on items derived from the developed theoreti-
cal model (Fig. 1), namely the usability parameters use-
fulness, orientation, comprehensibility, interest, help-
fulness and aesthetics and the visual Geography text-
book elements photos, graphics, and maps.

Photos

Mean Mean Mean Mean
(SD) (SD) (SD) (SD)
Usefulness 2.85 2.67 2.53 3.04
(132) | (155)  (1.50)  (1.32)
Orientation 3.81 3.45 3.31 3.72
(1.02) | (1.12)  (1.15)  (1.23)
Comprehensibility 3.52 2.98 2.71 349
(0.81) ' (0.81) | (0.81) (1.17)
Interest 3.88 3.45 3.27 343
(1.29) | (1.14)  (1.12)  (1.15)
Helpfulness 3.38 2.88 2.57 3.38
(1.39) | (1.58)  (1.55)  (1.41)
Aesthetics 3.68 3.81 3.72 3.66
(0.96)  (1.12) | (1.08) @ (1.15)
Mean per
stimulus (4, B, €) 3.52 3.21 3.02 3.45
Mean per
textbook 3.25
element

Scale: 5-point Likert scale: 5=very high to 0=not atall;
Mean=averaged across 58 participants

graphic=blue, photo=yellow). Defining the AOI al-
lows the separate data analysis of each marked
textbook element. This enables data evaluation of
both individual AOI and AOI groups, such as pho-
tos, graphics, and text.

Overall, the participants rated image usability with 3.12in
the medium range. Aesthetics (3.58) and easy orienta-
tion (3.50) were rated the highest, interest was medium
(3.26), and the participants considered the images of all
three spreads less helpful (2.81) and useful (2.71).

Students rated maps' usability lowest overall,
but the score of 2.84 still falls in the middle range.
From all discontinuous text elements, map usabil-
ity is the most heterogeneously rated (A: 3.09; B:
2.25; C:3.17).

4.2 Visual Information Selection Patterns

The collected eye-tracking data offers information
on participants’ fixations on the three stimuli’s ele-
ments (Section 4.2.1), fixation duration on (dis
-)continuous text (Section 4.2.2), and on scan paths
during task processing (Section 4.2.3).

Graphics Maps Means per
usability
B c A B c factor
Mean
Mean Mean Mean Mean Mean
(SD) (SD) (SD) (SD) (SD)
2.59 3.50 2.53 1.82 2.86 271
(1.50) | (1.21) | (1.51)  (1.52)  (1.50) ’
3.29 3.40 3.83 3.00 3.69 3.50
(1.46) | (1.38) | (0.99)  (1.38) (1.07) ’
2.79 3.45 2.69 1.78 2.90
(1.31) © (1.16) | (1.30) @ (1.39) @ (1.16) 2.92
3.05 3.36 3.26 2.38 3.26 3.26
(1.21) | (1.10) | (1.15) | (1.30)  (1.24)
2.53 3.26 2.52 1.72 2.52 275
(1.45) | (1.43) (1.48) (1.54) (1.48) '
3.31 3.71 3.72 2.79 3.78
(1.29) (1.7 (1.17) 0 (1.31) 1 (1.11) 3.58
2.93 3.45 3.09 2.25 3.17 3.12
3.28 2.84

Fig. 6. Evaluation of usability parameters of photos, graphics, and maps on A-C (Source: author)
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4.2.1 Fixations on the Stimuli’s AOI

Figs. 7—9 show the participants’ visual attention dis-
tribution, namely participants’ fixation duration
(mean) in seconds on each AOI and the number of
participants (in total) who skipped them. The color
coding follows the typology of components (see
Section 3.4). Images required to solve task 2 are
outlined in red. Figs. 7-9 showcase the data on par-
ticipants’ visual attention distribution (fixations)
both separately and triangulated with the three
spreads’ textbook elements’ formal visual parame-
ters (Fig. 5) and participants’ evaluation of the us-
ability parameters of photos, graphics, and maps
(Fig. 6).

Students fixed the longest on spread A's contin-
uous text when solving both task 1 and 2 (Fig. 7).
Nevertheless, there are marked differences be-
tween task 1 and 2 concerning the observed and
skipped elements. In task 1, students focused on
M1 (report about an earthquake in San Francisco)
for the longest duration (28.3 s), followed by the
continuous text (left page 22.69 s, right page 16.25
s). In task 2, the participants mainly fixated on the
continuous text (left) and task section, while they
skipped more frequently both M1 (21 participants)
and the continuous text on the right (ten partici-
pants).

Although the participants rated the usability of
spread A's photos depicting relevant information
(M2 San Francisco earthquake destruction, M5 San
Andreas Fault), as medium to high (Fig. 5), in both
tasks, they received little visual attention (task 1:
M2=1.52s,M4=1.01 s, task 2: M2=1.14 s, M4=1.01
s).

Despite three references to discontinuous text
in the task (map M3, photo M4, graphic M5) and
relevant information to complete the task (Fig. 5),
the participants observed M3 and M4 only briefly.
20 participants even skipped the map M3 and 24
photo M4,

Among the depicted visuals, graphic M5 ob-
tained the longest fixation duration for both task 1
and 2 at approximately 4.8 s each.

The participants paid little attention to the map
in both stages, despite the participants’ medium
rating for their usability (3.09), relevant content,
and task reference (Fig. 5). A total of 20 participants
even skipped the map in task 2.

While observing spread B, students fixated on
the continuous text, particularly on the left page,
for the longest time (47.25 s). All participants fix-
ated on the continuous text on the left page while
solving both task 1 and 2 (Fig. 8).

The participants’ visual attention to spread B's
photos, graphics, and map was limited and short.
While the mean fixation durations on the images
differed slightly between task 1 and 2, they had

marked differences in the number of participants
who skipped images; for example, 22 participants
skipped the map in task 1 and 50 in task 2. Spread
B’s graphics and map achieved medium (graphics:
2.93) and low (map: 2.25) ratings for their usability
(Fig. 6).

Neither the continuous text of spread B nor the
exercises were linked to depicted discontinuous
elements, such as photos, graphics, or the map
(Fig. 5). Instead, there is a general indication in the
textbook tasks to utilize depicted resources while
solving the task.

Continuous text on spread C received, both for
task 1 (47.59 s) and 2 (23.97 s) the longest fixation
duration (Fig. 9). The photos were observed only
for short durations (task 1: M1=0.54 s, M2=0.60s,
M4=1.13 s; task 2: M1=0.26 s, M2=0.30 s,
M4=1.13 s) and skipped frequently in both tasks
(task 1 M1=19, M2=21, M4=9; task 2: M1=52,
M2=51; M4=42). Spread C's photos are mainly
decorative (Fig. 5) with low ratings for their usability
(Fig. 6).

Compared to the other images featured on C's
spread, the participants observed the map for the
longest time while processing task 1 (5.19 s). The
map takes up about one third of the left page (Fig.
5) and contains relevant information for topic com-
prehension (Fig. 5). Nevertheless, six participants
skipped the map in task 1 and 19 in task 2, al-
though students rated its usability at 3.17-a value
falling into the medium range (Fig. 6).

Graphic M5 (11.13 s) was the most extensively
fixated image while processing task 2. Despite the
material reference in the task (Fig. 5) and medium-
high ratings (3.45) for usability (Fig. 6), three partic-
ipants skipped M5 (Fig. 9).

4.2.2 Fixation Duration on Continuous and
Discontinuous Text During Task Processing

Figs. 10—12 illustrate the main findings regarding
the participants’ visual information selection dur-
ing task processing for spread A (Fig. 10), spread B
(Fig. 11) and spread C (Fig. 12). Each of these figures
presents the participants’ fixation duration in sec-
onds on the AOI. The upper bar (green) represents
the correctly solved tasks, and the lower bar (red)
shows the fixation duration in seconds for partici-
pants who failed to correctly solve the tasks. In
each of the Figs. 10-12 , chart | depicts the partici-
pants’ fixation duration for task 1, while chart Il for
task 2. Discontinuous elements required to solve
task 2 are marked with red boxes.

Participants who solved task 1 correctly, ob-
served spread A’s task-relevant elements longer
than the task-irrelevant ones (Fig. 10 chart |). For ex-
ample, while correctly solving task 1, students ob-
served the continuous text (left page) and text mate-
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Task 1 (content comprehension and visual search): What is the textbook spread about?

Wahlpfiicht

2295 |4|

A Stadien des Brandrodungswanderfeldbaus

) Yanomani bei der Pflege ihrer Feldfriichte

qeau'suaaaaﬁg

—
Nachhaltigkeit
Seiten12/13

Raumanal
Seiten 108/

47.25s (0) 2.73s(9)

Task 2 (textbook task): Explain the term slash-and-burn agriculture with the help of the text and the materials.

Wahlpflicht

B Yanomami bei der Pflege ihrer Feldfriichte

—
Nachhaltigkeit
Seiten12/13

—
Raumanaly
Seiten 108/1

0Us

12

12.54 s (1

Fig. 7. Spread A (tasks 1 & 2) (source: author; background image: A: © Cornelsen, Germany, FISCHER ET AL.
2018, pp. 26-27)
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Task 1 (content comprehension and visual search): What is the textbook spread about?

GEFAHRDUNG VON LEBENSRXUMEN BESCHREIBEN GEFAHRDUNG VON LEBENSRAUMEN BESCHREIBEN 27
28 4.82s (5
nien
1.54s (4 . .
M4 San. Amimwemrf ng
m: ) wumages‘s (21)

9 A G R e R e s

nach dem Erdbeben 1989 1. 52 S (8)

6.22s (9)

Task 2 (textbook task): Explain the origin of earthquakes in California (M3-M5).

GEFAHRDUNG VON LEBENSRAUMEN BESCHREIBEN

l -

M4 San-Andreas-Verwerfung
i . ; ‘” \s "
¥ p ~ x
< g nl J y
M2 Zerstérungen an einem doppelstickigen Highway
nach dem Erdbeben 1989 5
1. 14 s (30) 1.52s (16

Fig. 8. Spread B (tasks 1 & 2) (source: author; background image: B: © Klett, Germany, BARRICELLI ET AL. 2017)
pp. 112-113)
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Task 1 (content comprehension and visual search): What is the textbook spread about?

1.13s5 (9

M1 Moderne Landwirtschaft in den USA M2 Traditionelle Farmwirtschaft

% @D 5.19s(6)

9s
(0)

M4 Karussellbewdsserung in den USA

winsinns 8708 (2) 2.96s (12)

Task 2 (textbook task): Explain the importance of US agriculture in global comparison (M5).

1.13s (42
P oc
e “"““A =y 7 b
i e M2 Traditionelle Farmwirtschaft —
7s o
M4 Karussellbewdisserung in den USA
(7)
11.13 s
(3)
M5 Ani der US-Lal rirtscl an der
/el iktiol

M3 Landnutzung im Kernraum der USA 2 22 S (19)

Grundwissen Grundwissen/ Ubung 4-74 S (3) 13-56 s (1)

Fig. 9. Spread C (tasks 1 & 2) (source: author; background image: C: © Westermann Gruppe, Germany,
FLEISCHHAUER ET AL. 2015, pp. 46-47)

rial M1 for more than twice as long as those who  focused on map M3 and photo M2 for slightly

failed to solve the task (correct answer: continuous longer (correct answer: M3=1.07 s, M2= .08 s; in-
text left=25.11 s, text task 1=27.84 s; incorrect an- correct answer: M3=0.92 s, M2=0.81 s) (Fig. 10 chart
swer: continuous text left=13.2 s, text M1=11.59 s). ). Students who failed to solve task 1 correctly, ex-

Additionally, students solving task 1 correctly also  hibited longer fixation durations on irrelevant infor-
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mation, such as table M6, graphic M7, and the
check-it box (correct answer: M6=1.81 s, M7=1.68
s; incorrect answer: M6=4.93 s, M7=2.14 s) (Fig. 10

chart ).

Textbook Fixations in

Element seconds (Mdn)

Map 1,07
M3 [ 0,92

Graphic 1,68
M7 Seismo. [l 214

Graphic 4,17
M5 Earthquake _ 4,24

Photo 1,08
M5 Motorway [ 0,81

Photo 0,68
M4 St.Andreas l 0,67

Text 0,96
check it [ 162

Table 181

me [EETTETT a3

Contionus Text

right [ 335

Continous Text

Task 1:

What is the textbook spread

about?

12,35

ot S

Text

M1 T 115

0,95
Task N

Textbook Fixations in

Element seconds (Mdn)

Map 0,68
m3 J 0,42

Graphic | 0,29
M7 Seismo. [ 0,39

Graphic 2,75
M5 Earthquake ! 0,57
Photo  0.52

M5 Motorway N 061

Photo 0,81

M4 St.Andreas I 0,44
0,62

fl 047

Text
check it

0,43
Table ’
ve M 103

Contionus Text 0,62

Task 2:

Explain the formation
of earthquakes

in California (M3—-M5).

right [N o.c0

Continous Text

Wi JUN

Text | 076
m1 I 252

Task N 2.4

Fig. 10. Spread B: Comparison of fixation durations on continuous and discontinuous text for participants
who solved the task correctly (green) and those who failed to do so (red)(Source: author)

5,78

correct answers (47) I incorrect answers (11)

The differences between the two groups of stu-
dents become even more evident when analyzing
the data corresponding to task 2 (Fig. 10 chart Il).
Students who failed to correctly solve task 2 focused
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much longer on irrelevant information, such as text
material M1 (correct answer=0.76 s; incorrect an-
swer=2.82 s), table M6 (correct answer=0.43 s; in-
correct answer=1.03 s), and main text right (contin-
uous text on the right page); correct answer=0.62s;
incorrect answer=6.69 s). Participants who solved

Textbook Fixations in
Element seconds (Mdn)

Map 1,14
M3 | 0,45
Graphic | 1,27 I
M7 People/Farmer [| 0,95
Graphic = 0,46
M5 Glob. Prod. | 0,4
Photo 0,78
M4 Car. Irrig. l 0,8
Photo = 1,15
M2 Trad. Farm |l 1,07

Photo = 0,46
M1 Mod. Agricult. | 0,46

Text 2,80
Infobox 1 2,76
Table 2,49

ve I 2,18

Continous Text

o BRI 27,9

Task 2,45
2,35

Task 1:

about?

correct answers (38) M incorrect answers (20)

Textbook Fixations in
Element seconds (Mdn)

Map 0,68
M1 | 0,42
Graphic = 0,29 I I
MS5 Life Cycle. I 0,39
Task 2:
Graphic 2,75
M3 Slash/Burn I 0,57
Photo 0,52 materials.
M4 Slash/Burn | 0,61
Photo = 0,81
M2 Yanomami I 0,44
Text = 0,39
Side Note . 1,27
Contionus Text 1,97

right B bR e 16,81

Continous Text

task 2 (Fig. 10 chart ll) correctly, observed relevant el-
ements, such as continuous text (left page), three
times longer, graphic M5 five times longer, photo
M2 twice as long, and the map slightly longer (cor-
rect answer=0.68s; incorrect answer=0.42 s) (Fig. 10
chart ).

What is the textbook spread

52,88

Explain the term slash-and-burn
agriculture utilising the text and

32,09

et EEEEREREEEREE 1000

10,02

T 10,

Task

correct answers (41) [ incorrect answers (17)

Fig. 11. Spread A: Comparison of fixation durations on continuous and discontinuous text for participants
who solved the task correctly (green) and those who failed to do so (red)(Source: author)
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Spreads B's fixation durations (Fig. 11) also display ~ right=24.01 s; incorrect answer: continuous text
differences between participants who solved the left=29.73 s, continuous text right=6.52 s), and
tasks correctly or failed to do so. Markers of correct  slightly longer observation of graphic M5 (correct
task 1 completion (Fig. 11 chart |) are markedly answer=1.27 s; incorrect answer=0.95 s) (Fig. 11
longer fixation durations on continuous text (cor- chart ).

rect answer: main text left=48.77 s, main text

Textbook Fixations in

Element seconds (Mdn)

Map 1,14
M1 | 045

Graphic 1,27
M5 Life Cycle ] 0,95

Graphic 1,31
M3 Slash/Burn [ 1,33

Photo 1,15
M4 Slash/Burn I 1,07

Photo = 108
M2 Yanomami [ 1,09

Text 183
Side Note Jl 113

Contionus Text

right [ 6,52

Continous Text

Task 1:
What is the textbook spread
about?

24,01

48,77

r. R -

Task 1,24

P 1ss

Textbook Fixations in

Element seconds (Mdn)

Map 0,78
M3 J 0,45
Graphic 0,67
M7 People/Farmer [l 0,95

Graphic
MS5 Glob. Prod. || 0,4

3,66

Photo = 0,47
M4 Car. Irrig. | 0,8

Photo @ 0,22
M2 Trad. Farm [ 1,07

Photo | 0,34
M1 Mod. Agricult. [ 0,46

Text 1,19
Infobox 1l 1,22

Table 1,13

me I 1,08

Continous Text

Task 2:
Explain the place value
of the US agriculture (M5)

26,52

ety EEEEEEEENEE 1215

Task

12,93

= BEX

correct answers (36) M incorrect answers (22)

Fig. 12. Spread C: Comparison of fixation durations on continuous and discontinuous text for participants
who solved the task correctly (green) and those who failed to do so (red)(Source: author)
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While solving task 2 (Fig. 11 chart Il), students giving in-
correct answers exhibited longer fixation durations on
spread B's exercise section and continuous text (right)
(correct answer: task=10.02 s, main text right=1.97 s; in-
correct answer: task=14.49 s, main text right=16.81 s). In
contrast, correct answers relied on an observation of the
task-relevant graphic M3 for almost five times longer.

While working with spread C, those students
who solved task 1 correctly, had considerably
longer fixation durations on the task-relevant con-
tinuous text when compared with students who
failed to solve the task (Fig. 12 chart I). Fixation du-
rations on task-relevant images, such as graphic
M5 (referred to in task 2), were nine times longer
(correct answer: 3.66 s; incorrect answer: 0.4 s)
and visual attention to decorative photos, such as
M2 (correct answer: 0.22 s; incorrect answer: 1.07
s) was almost five times shorter when students
solved the task correctly (Fig 12 chart Il).

In summary, the results on participants’ fixation
durations on task-relevant AOI constituting the
three stimuli revealed differences between stu-
dents succeeding or failing to solve the two tasks.

4.2.3 Scan Paths During Task Processing

In addition to the numeric data on the participants’
fixation duration (Figs. 13—15), scan paths visualize
participants’ attention distribution on the stimuli, of-
fering further insights into the learners’ visual infor-
mation selection connected to task solving (Figs. 13-
15). However, conclusions about participants’ obser-
vation patterns should not be drawn solely based
on visualizations, such as scan paths. It is necessary
to interpret scan paths together with the numerical
data on the participants’ eye movements, such as
fixation duration (Figs. 13—15), while also including
further information, such as the stimuli’s formal pa-
rameters (Fig. 5). Moreover, eye movements are in-
dividual and remain under the influence of various
determinants (cf. Section 2). Therefore, it is difficult
to define one universal eye movement pattern per
task solution. Despite these differences, it is possi-
ble to identify commonalities of eye movement
patterns between correct and incorrect task com-
pletion. The red dots in Figs. 13-15 represent fixa-
tion duration (the larger the dots, the longer the
fixation duration), while the red lines depict sac-
cades.

The scan paths of stimulus A (Fig. 13) visualize
numeric data on the participants’ fixation duration
(Fig. 11) and saccades when observing the textbook
spread. The visualizations for correct answers
given for tasks 1 (Fig. 13 1) and task 2 (Fig. 13 Ill) show
a focus on task-relevant continuous text and im-
ages (task 1: map M3, photos M2, M4; task 2:
graphic M5), while non-relevant elements, such as

table Mé and graphic M7 remained either uncon-
sidered or below the threshold of 150 ms (cf. Sec-
tions 2.3 and 3.1.2) (Fig. 13 Il & III).

As shown in Fig. 13 Ill, the scan path of a student
who correctly solved task 2 mainly focused on three
AOlIs of stimulus A, namely the task itself, graphic
M5, and a section of the continuous text featured on
the left page. The map M3 and the photo M4 re-
ceived considerably less attention. Thus, although
task 2 referenced three visuals (M3, M4, and M5, Fig.
5), participants’ visual attention displayed an uneven
distribution with an accentuated focus on graphic
M5 and marginal consideration of M3 and M4.

The scan paths of the students who failed to
solve tasks 1 and 2 (Fig. 13 Il & IV) show a broader
dispersion of visual attention and less focus on the
task-relevant elements. In fact, students’ attention
covered the entire continuous text and included ir-
relevant images (graphic M7 and table Mé).

Stimulus B's task 2 was free from any references to
continuous or discontinuous text featured on the
spread (Fig. 5). Similar to the data on the participants’
fixation durations on continuous and discontinuous
text included in stimulus B (Fig. 10), the scan paths
(Fig. 14) visualize marked differences between the
participants who solved the tasks correctly and those
who failed to do so. Here, the participants’ visual at-
tention mainly focused on task-relevant text pas-
sages in the scan paths representing the task solu-
tions (Fig. 14 1 & Il).

The exemplary scan path visualizing recorded
during the successful processing of task 1 (Fig. 14 1)
shows long and frequent fixations on the discontinu-
ous text depicted on the left page. At the same time,
the map (M1) remained unconsidered while the two
photos (M2 & M4) and the two graphics (M3 & M5)
received only superficial attention. In the case of cor-
rectly solved task 2 (Fig. 14 lll), the participant focused
only on a few AQIs, such as the task, one continuous
text passage located on the left page, and graphic
M3. However, graphic M3 received significantly
lower attention than the continuous text. While the
two photos (M2 & M4) received a few fixations, the
map (M1) remained unconsidered.

The scan paths of students who failed to cor-
rectly solve tasks 1 and 2 displayed a broader distri-
bution of visual attention over the entire continuous
text, including the irrelevant information. Further-
more, numerous and long fixations on the textbook
task was a common feature of scan paths depicting
the visual attention of students both correctly and
incorrectly solving task 2. However, fixation dura-
tion on the task was considerably longer when par-
ticipants gave an incorrect answer (Fig. 14 Il & IV).

Visualizing the data on participants’ fixations
and saccades while working with stimulus C (Fig.

3

BEHNKE

ZGD 123



Task 1 (content comprehension and visual search): What is the textbook spread about?

I: Correct answer (TP 15)

GEFAHRDU!

Vonhcnay.von Erdbeben

h. Nur in seltenen Fillen

o M @y augrund von

ferinderungen an Wt Erdoberfliche
‘oder durch Beobachtung ungewdhnl

Erdrustenblod
In Ruhelage

NG VON LEBENSRAUMEN BESCHREIBEN

ins Freie zu laufen oder sich unter Ti-
schen 2u schiitzen. Flugzeuge knnten
noch vom Landen abgehalten, Briicken
vom Verkehr freigemacht und Gas-
pipelines unterbrochen werden.

1 Berichte uber die Auswirkungen

cher vi@) sen von Tieren auf  von Erdbeben fir San Francisco
ein Ir."\'m des Erdbeben vorl 1, M6)

erdbebengefahrdeten Gebietaa
Wird versucht, Hauser zu bauen,
nicht einstiirzen. So st s gelungen, Ge-
baude mit einer Art von Stodampfern
auszustatten, die Erschiitterungen elas-
tisch aufnehmen konnen.
Amerikanische Geologen haben zu-
dem ein Friihwarnsystem fur die Erd-
bebenregion Kalifornien ~entwickelt.
Das System fulit auf einem Netzwerk
aus 155

B irictare Wntstehung von Erdbe-

ben in Kalifornien (M3 bis M5)

Beschreibe, in welchen Gebieten

Kaliforniens groBere Erdbeben auf-
traten. Stelle einen Zusammenhang
2ur San-Andreas-Verwerfung her
(M1, M3 bis M5).

4 Das Erdbeben in Kalifornien 1989
hatte eine Starke von 69 auf der
Richter-Skala. Beschreibe die zu er-
wartenden und ver-

3

Der Augenblick
des Bruches

Das automatische Netzwerk soll — so
heiBt es zumindest aus Kreisen der For.
scher ~ etwa 40 Sekunden vor dem
Erdbeben schwache Energiewellen er-
kennen. Diese gehen ebenso wie die

M3 Ubfrsicht iiber Erdbeben i
Kalifornjen

e @ ten eine
“Prozent fr ein

gleiche mit dem tatsichlichen Ge-
schehen (M1, M6)

5 Auch in Deutschland gib es Erd-
beben. Informiere dich und stelle
deine Informationen in einem

vom Erd-
bebenzentrum aus, wandern aber
schneller durch das Gestein und errei-
chen daher die Erdoberflache eher.
In diesen lebenswichtigen Sekunden

Rickschaellen
Gleichgewchuslage

werfung besd
Auswirkungen von fidbeben benennen

Janren. ehung von Efibeben erklaren M5 Versetzung entlang einer

0. = thematische Kagfen auswerten Verwerfung hitte die Bevolkerung noch Zeit, um
M1 Eny fb;.ﬂh[omltn = Gefahr von Egfbeben beurteilen
Stirke 1 nur durch Instrumente nach-
bis2 weisbar
Stirke3  selten nahe dem Bebenherd zu
spuren
Stirke4  im Umkreis von 30 Kilometern
biss um das Bebenzentrum spiirbar,
leichte Schiden
Starke6  maBiges Beben, Todesopfer und
schwere Schaden in dicht besie-

‘ Literungen bei einem Erdbe- delten Regionen
ten sich ber groRe Entfernun-
gen aus. Mithilfe eines Seismographen

kann man sie messen und den Verlauf

Stirke7  starkes Beben, Zerstorungen im
Umkreis von wenigen Hundert

bt
5 S ‘:h:;(h":" G Stirke8  GroBbeben; 9.5 war bisher der
b sl bis10  hochste gemessene Wert, katas-

Forscher fanden heraus, dass die meis-
ten Erdbeben in Tiefen bis zu hundert
Kilometern entstehen.

trophale Zerstorungen im Um-
kreis von mehreren Hundert

Kilometern
M2 Zerstorungen an einem doppelstockigen Highway in San Fra gy []

r (Webcode)

[3 Erliutere die Messung und Mog-
lichkeiten der Vorhersage von Erd-
beben (M7).

i) WEBCODE: UE300554-027

—— rund 2 Minuten ——

Mw«w{‘ :WMW

nach dem Erdbeben 1989 M6 Die nach oben offene Richter-Skala

II: Incorrect answer (TP 29)

26 GEFAHRDUNG VON LEBENSRAUMEN BESCHREIBEN GEFAHRDU!

Erdb

~alifornien

Vorhers; ind Schurzvor
Erabern @@

Eine sichére VorhErsage von Erdbeben
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Veinderungen-ait dergadoberfliche
er. icheuny ungewohnli-
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zusammen. Di () aden cummier’ @ sich auf
etwa sechs Mil .R
Am 30. Oktober zoo‘.‘ud ein Erdbeben der

Starke 5,6 '@y dess W pizen . in der Na-

he vo . aden ™ san Fran-

cisco N es dabeffic: @ exverten befirchten
fur d @ @0 @ ukes @ e
ben in Kalifornien. } g¥er ermictelten eine

Wahrscheinlichkeis, \@,9,7 Prozent fur ein
Beben der Sli}/&;.

Am 29, .u.mmm‘ von
Los Ange WP ieder dag eHTTETT, cuss sie auf

@ kunde g
ner 0
[ J

Das auto. @ 5che Net
heii es zumindest 7
scher - etwa 40

M3 Uberslcht iiber Erdbeben in
Kalifornie

an-Andreas-Verwerfung

von Erdbeben

bebknzentrum  au yndem aber
schndller durch dad Gedtein und en
chen dyper die Er rache

In diese, lebenglvichtigen Sekunden
hitte die rung noch Zeit, um

ﬁ@ A che Lage d Excebngebie i i
M~ wfder " ’““-‘“& ; MGt Kali u«hm.",e
a7 das heftigste Beben se/ : M S Ve e

whhen, MS Versetzung entlgng einer

Jahren.
® ‘ \ Verwerfung
Erdkru .\ zeneen @) g.

Kruster, nander
e ® @ecdense

M1 Erdbeben in Kalifornien

[[2gesmograph (Schema) |

@

M7 Seismograph und Seismogramm

ING VON LEBENSRAUMEN BESCHREIBEN

ins Freie zu laufes .‘er sich unter Ti
schen 7

chiseren Wgzen
noch v @ Cande

Tancisco

Erklare aw entstehung @ Erdbe-
ben in Kalifornien (¥ 3 bis M5).
3 Beschreibe @)TeichesBebieten
N
Kaliforni gy rofere @ eben auf-
raten. 5\ P ner Zuson @ hang

2ur SAn-AndvusAVe)mfung .~

(M1, M3 bis

S @ ters
wartenden e g rer-
M .fﬁZ‘aMM.‘ Ge-
scivenen (M WG).
Auch in Dijls:hland gibe es Erd-
en. Infgrmiere dich und stelle

oo @i @
@i vicbcoue)
3 Erlautere die Mﬂd Mog-
lichkeiten der Vorhersaggaon Erd-
beben (A . e

5] WEBCODE: UE300554-027

ten und ba: annung auf. Wird nahe dem Bebenherd za
sie zu grofg das Gestei

beiderseitsuer Ver ruckargfg
um bis zu mehrere ieter: Ein Ergbe-
ben wird ausgelést

Messung

“on 30 Kilometern
rents @ piirbar,
&

sxams\ ma&gu.~ Todesopfer und

@
il |

schwere Schden in dicht besie-
delten Regior

Stiirke 7 \ starkes P, Z¢storungen im
Uml reni Hundert

eismographen
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kann man .vcss undglon Verlauf
von Erdbet W ufZictms @ s
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Fig. 13. Scan path of spread A (Source: author; background image: © Cornelsen, Germany, FISCHER ET AL.

2018, pp. 26-27)
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Task 2 (textbook task): Explain the origin of earthquakes in California (M3-M5).

111: Correct answer (TP 23)
|

26 GEFAHRDUNG VON LEBENSRAUMEN BESCHREIBEN GEFAHRDUNG VON LEBENSRAUMEN BESCHREIBEN 27

. Erdbeben in Kalifornien

Am 17. Oktober 1989 bebte die Erde in San Vorhersage und Schutz vor ins Freie zu laufen oder sich unter Ti-
Francisco fur einige Sekunden wahrend des Erdbeben schen zu schutzen. Flugzeuge konnten
Hauptberufsverkehrs um 17 Uhr. Das Beben Eine sichere Vorhersage von Eldbcben noch vom Landen abgehalten, Brucken
erreichte eine Starke von 6,9 auf der Richter- ist nicht moglich. Nur e F vom Verkehr und Gas-

Skala. Mehr als 500 Meter der oberen Fahr-
bahn einer doppelstackigen Autobahn stiirz-
ten herab und begruben mehr als 200 Autos
unter sich. Auf manchen StraBien taten sich

konnten sich Menschen aufgrund von  pipelines unterbrochen werden.
Verinderungen an der Erdoberfliche

oder durch Beobachtung ungewdhnli- 1 Berichte iber die Auswirkungen
cher Verhaltensweisen von Tieren auf  von Erdbeben fiir San Francisco

riesige Locher auf,in denen komplette Autos 4 3 ein kommendes Erdbeben vorbereiten. (M1, M2, M6).

verschwanden. Die Wolkenkratzer hielten . - In den erdbebengefahrdeten Gebieten [E] Erkla g “ntstehung von Erdbe-
dem Beben zwar stand, doch erschlugen her- ) : S bvecsuch._Hiuser ‘gbaven, die

abfallende Fassadenteile mehrere Passanten. icht einstiirzen. S0 iST € g

Viele kleinere Gebiude stirzten ein. Die Ver-
sorgung mit Strom, Wasser und Telefon brach
zusammen. Die Schaden summierten sich auf
etwa sechs Milliarden Dollar.

Am 30. Oktober 2007 fand ein Erdbeben der
Starke 5,6 statt, dessen Epizentrum in der Na-
he von San José lag. Zu Schaden in San Fran- 2 Richter-Skala. Beschreibe die zu er-

cisco kam es dabei nicht. Experten befurchten wartenden und ver-
far die Zukunft jedoch noch starkere Erdbe- gleiche mit dem tatsichlichen Ge-
ben in Kalifornien. Forscher ermittelten eine schehen (M1, M6).

Wahrscheinlichkeit von 99,7 Prozent fur ein
Beben der Starke 6,7.
Am 29. Juli 2008 wurden die Bewohner von

5 Auchin Deutschland gibt es Erd-
beben. Informiere dich und stelle
deine Informationen in einem
Kurzvortrag vor (Webcode).

3 Erlautere die Messung und Mog-
lichkeiten der Vorhersage von Erd.
Erdbeben benennen g beben (M7).

n Erdbeben erlaren In diesen lebenswichtigen Sekunden

hematische KdKen auswerer hitte die Bevolkerung noch Zeit, um &) WEBCODE: UE300554-027
= Gefahr von e

Stscke 1 nur durch h
bis 2 weisbar

Starke 3

Iten nahe dem Bebenherd zu
P
im uMNan 30 Kilometern
um das Bebehzgntrum spirbar,
iden

/ Stirke6  maBiges Beben, Todesdplerund
@ unsvon @ lbeben schwere Schaden in dicht @ -
Die Erschiitcerungen bei einem Erdbe- delten Regionen
ben breiten sich iiber grofie Entfernun- Stirke7  starkes Beben, Zerstbrungen im
gen aus. Michilfe eines Seismographen Ukmkreis von winigen Hundere
kann man sie messen und den Verlauf o [FSomopamm o] 1und 2 Minsten ——

von Erdbeben aufzeichnen. Eine solche -
Aufzeichnung heift .Seismogramm”. ire g onfhchos i b do,
= bis 10 hachste gemessene Wert, katas-
Forscher fanden heraus, dass die meis- btk i ik it L "‘——19*‘{'
ten Erdbeben in Tiefen bis zu hundert b e rahiae e

Kilometern entstehen.

Kilometern
M2 Zerstorungen an einem doppelstockigen Highway in San Francisco
nach dem Erdbeben 1989 M6 Die nach oben offene Richter-Skala M7 Seismograph und Seismogramm
.
IV: Incorrect answer (TP 29)
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= Erdbeben in Kalifornien

=reie @ .ufen oder sich unter Ti-
s W.
noch vor ) ® o
vom Vej ,e§.‘/und Gas-

jlng. pipelings unterbrochen werden.
cvandc-ungery. Erdoberfliche /
oder durcl @ ob:e’?. sewdhnli- riche @)er die Auswirkungen
o h.u. @ von Tieren auf on Erdbebdo fir San Frrg®
ein kommen P rdbeben-vert, X mLm2L, M@=
In den wdbel u.l ‘106!\ Erdh
wird versuch .-1 bauen, die 3
2 Passanten. nicht einstiir < esgtlungm Ge-
. in. Die Ver-
sorgung mit Strom, Wasser (@l =lefon brach g
zusammen. Die Schaden sunpeerten sich auf 4 -
etwa sechs Millarden Doljdr {
Am 30, .»nzwn (i Erdeben der
Stirke 5.6rait: Epiz @ um der Na-
he m..rrma’.s(h«w in Sal\Fran-

cisco kam es dabei m:hL n befuschten

ch¥, Geologen hab
dem'gin F mu.
beben .\,
Das Syscagn 1@ cm
aus 155 3
Das automat
heifit es zumin
scher - etwa

. arkere Erdbe-

(her ermitcelten ei b 3 Mé& San-Andreas-Verwerfung
Wahrscheinlichkeit w}ngmm fur e

Beben der Starke 6,7.
Am 29, Juli 2008 wur, fie Bewohner von
Los An (@) wieder daran erinnert, dass sie auf von Erdbeben
unsicherem Grui 30 Sekunden lang
bebte die Erde mit eine>.arke von 5,
Richter-Skala. Es war das heftigste Beben seit
mehr als zehn Jahren.

= schneller durrgaias
it (._ chen daher S
M5 Versetzung e In dieser

Verwerfung

M1 Erdbeben in Kalfornien

Stirke1  nur durch Instrumente nach-
bis2 weisbar
Stirke3  selten nahe dem Bebenherd zu
spiren
Stirke4 im Umkreis von 30 Kilometern
biss um das Bebenzentrum spiirbar,
leichte Schiden
Giges Beben, Todesopfer und
en in dicht besie-
delten Regionen

e Q) Ve e

um bis zu mi hlﬂ.er Ein Erd)
ben wird ausgdlést’

Messur gl Erdbeben
Die Ersc’ A

ben breiton e Kﬁ«
gen aus @ ilfe eines Smmm.ph

kann man sie messen und den Verlaul Kl b Sesmogramm (6 @)1 —— rund 2 Minuten ——
von Erdbeben aufzeichnen. Eine solche e ®

Au’ztv(hr'\ung heific .Seismogramm”. hchste gemessene Wert, katas- kb
Forscher fanden heraus, dass die meis- ophale Zerstorungen im Um-
ten Erdbeben in Tiefen bis zu hundert .vo,. mehreren Hunderc

Kilometern entstehen. retern

starkes Beben, Zerstorungen im
Umkreis von wenigen Hundert

M2 Zerstorungen an einem dopbeistockigen Highway in San Francisco
nach dem Erdbeben 1989

@ M6 Die nach oben offene Richter-Skala M7 Seismograph und Seismogramm

Fig. 13 (Fortf.). Scan path of spread A (Source: author; background image: © Cornelsen, Germany, FISCHER
ET AL. 2018, pp. 26-27)
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Task 1 (content comprehension and visual search): What is the textbook spread about?

I: Correct answer (TP 15)
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Task 2 (textbook task): Explain the the term slash-and burn agriculture using the text and materials.

111: Correct answer (TP 23)
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Task 1 (content comprehension and visual search): What is the textbook spread about?

I: Correct answer (TP 15)
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Fig. 15. Scan path of spread C (Source: author; background image: © Westermann Gruppe, Germany,
FLEISCHHAUER ET AL. 2015, pp. 46-47)
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Task 2 (textbook task): Explain the origin of earthquakes in California (M3-M5).

111: Correct answer (TP 23)
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Fig. 15 (Fortf.). Scan path of spread C (Source: author; background image: © Westermann Gruppe, Germany,
FLEISCHHAUER ET AL. 2015, pp. 46-47)
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15), the exemplary scan path for a correctly an-
swered task 1 (Fig. 15 |) shows a marked focus on
task-relevant continuous text. The participant con-
sidered both the map (M3) and the graphics M5
and M7 (albeit much shorter than the continuous
text), dedicated some attention to photo M4, and
skipped photos M1 and M2 entirely.

The scan path depicting incorrect task solution
for task 1 (Fig. 15 II) shows considerably less atten-
tion turned to the continuous text and participants
considered all three photos. The scan paths show
that the photos M1, M2, and M4 received more fre-
quent fixations compared to fewer fixations during
correct answers (Fig. 15 ). Despite it being void of
useful information (Fig. 5), participants regarded
the table M6 in detail.

Regarding task 2, the exemplary scan path of a
participant who correctly solved the task (Fig. 15 lI)
shows focused attention on three AOls, namely the
task itself, graphic M5 (the only image reference in
the task), and a relevant section of the continuous
text.

5. Discussion

This section discusses the findings introduced in
the previous section according to the present
study’s three research questions.

Q1: How do the usability parameters of photos,
maps, and graphics affect visual information
selection while performing tasks?

The usability parameters of various types of discon-
tinuous text (photos, maps, and graphics) affected
participants’ visual information selection during task
processing in four main ways.

First, the results (Figs. 2—15) show that the partic-
ipants prioritized their visual attention to both con-
tinuous and discontinuous text featured on text-
book spreads according to their usefulness. Data
generated by means of the questionnaire evalua-
tion (Fig. 6) proves that the participants considered
the photos, graphics, and maps included in Geog-
raphy textbooks to be relevant for their learning.
However, the participants rated the usability of the
three types of discontinuous text differently while
processing the three stimuli. Hence, the partici-
pants were able to assess the usability of the im-
ages included in the three stimuli in light of their
learning objectives, as shown by the low ratings (B
& C) and limited attention dedicated to decorative
images and irrelevant information.

Second, when compared with photos and
graphics, maps received the lowest rating. The rat-
ing is consistent with the eye-tracking data, which

The scan path exemplifying incorrect task solving
(Fig. 15 IV) also shows considerable attention given
to graphic M5. However, participants also consid-
ered table M6 and graph M7-both containing irrel-
evant information. Participants also dedicated
more visual attention to the task itself as their peers
who succeeded in correctly solving task 2 and left
the continuous text unobserved. Although placed
in a prominent position, the three decorative pho-
tos (M1, M2, & M4) received little attention when-
ever participants completed the tasks correctly
(Fig. 15 | & lll) and were observed more frequently
whenever the participants failed to correctly solve
the task (Fig. 15 Il & V).

The examples of the participants’ scan paths
(Figs. 13—15) combined with the data on partici-
pants’ fixation durations (Figs. 10—12) illustrate that
references to materials included in textbook tasks
may affect learners’ visual attention and informa-
tion selection when working on textbook tasks.

revealed limited attention to maps (Figs. 7—-15). Many
of the participants even skipped the maps, despite
the tasks referencing them as resources for task pro-
cessing (spread A, task 2: 20 participants; Fig. 7), the
map taking up a third of the textbook page (Figs. 4—
5), or the maps presenting task-relevant content
(spread C, task 1: six participants, task 2: 19 partici-
pants; Fig. 9). Participants dedicating little attention
to textbook maps and concurrently rating their us-
ability as limited, is an essential finding given the im-
portance Geography as a school subject grants to
maps during geographical knowledge construction
(DGFG 2020). In a longitudinal study, HEMMER ET AL.
(2020b) found that textbooks continue to lead the
list of educational media used in Geography class-
rooms. Therefore, the results of this study are crucial
because they highlight reduced visual attention to
maps—one essential prerequisite for learning with
media (CARRASCO 2011; GEISE 2011), such as maps.
Possible explanations are both the redundancy of in-
formation presented in the various continuous and
discontinuous text elements featured on textbook
spreads and learners’ challenges in decoding picto-
rial information from graphic representations
(BETRANCOURT ET AL. 2012; BALLSTAEDT 2017; SCHNOTZ
ET AL. 2017a; 2017b). Consequently, future studies
should evaluate the distribution of information on
textbook spread elements and measure both im-
portance attribute and attention given to maps.
Third, the data triangulation of the learners’ vis-
ual attention to images (Figs. 7—15), the stimuli's for-
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mal image parameters (Fig. 5), and the question-
naire-based data (Fig. 6) demonstrate that usability
parameters, such as perceived usefulness in relation
to the learners’ goals (content comprehension, task
completion), are one determinant of participants’
visual attention, especially in the case of depicted
images (photos, graphics, maps) featured in stimuli
A-C, when processing textbook tasks. The usability
of a textbook image depends on formal parame-
ters, such as size, placement, visualization style, im-
age section, the perceived relevance of the image
content in relation to the task, and the number of
image references in tasks.

In contrast to maps, the usability parameters of
graphics were rated highest overall by participants
among the discontinuous elements. However, re-
dundancies emerge from the duplication of infor-
mation in graphics, photos, and continuous text.
Thus, itis evident from the attention distribution (fix-
ation duration, number of fixations) to the graphics
of the stimuli that the participants distributed their
visual attention based on perceived usability and
not according to preferred visualization forms, such
as graphics. It follows that more attention should be
paid to the appropriateness and usability of infor-
mation visualizations in textbooks, to increase their
effectiveness for teaching and learning.

The usability parameters (Fig. 6) of depicted im-
ages (photos, graphics, maps) also provide explana-
tions for low visual attention dedicated to stimulus
A’s photos (Fig. 7). Participants rated interest (3.88)
and aesthetics (3.68) the highest, whereas their use-
fulness (2.88) ranked the lowest among the usability
aspects of spread A's photos (Fig. 6). However, lim-
ited attention to stimulus A's photos combined with
its low rating for usefulness may also be a sign of
learners struggling to gainfully and effectively utilize
the depicted textbook photos during textbook task
processing (BALLSTAEDT 2017; SCHEITER ET AL. 2018;
SEUFERT 2019). An alternative explanation for the lim-
ited attention dedicated to photo M4 might be the
participants’ altered visual attention due to increased
cognitive load (YARBUS 1967; CHANDLER & SWELLER
1991; RAYNER 2009; EMHARDT ET AL. 2020), resulting
from the high number of references (three in total,
M3-M5) to three different visual representations in
the textbook task.

Fourth, the way participants processed text-
book tasks, underlines the importance of image
usability. As the results show, participants only ob-
served more closely (fixation duration, number of
fixations) those resources that they considered as
relevant, useful and easily accessible for task pro-
cessing (Fig. 6). These findings confirm previous
studies on the importance of usability for visual at-
tention processes presented by BoJko (2014),

ORQUIN and MUELLER Loost (2013) and PADILLA ET
AL.(2018) and particularly empirical results on links
between usability and visual attention to images
(MAGNER ET AL. 2016; BEHNKE 2021).

Overall, the results of the present study stress
that perceived usefulness as an essential criterion
for learners’ attitudes towards a learning medium
and, consequently, whether a textbook image is
considered or ignored (cf. KNIGHT ET AL. 2017).

Q2: What visual information selection patterns
characterize content comprehension tasks
compared with textbook tasks?

Participants showed different observation patterns
in content comprehension tasks than in textbook
tasks. Thus, the present study confirms that differ-
ent task types exhibit different visual information
selection patterns (YARBUS 1967; RaYNER 2009;
EMHARDT ET AL. 2020).

First, while processing content comprehension
tasks (task 1), the participants’ mean fixation durations
on continuous text were markedly longer than when
they were working on the textbook tasks (task 2).
While processing task 1, all participants considered
the continuous text, and fewer participants skipped
the discontinuous elements (Figs. 7-10) compared to
task 2 consistent with results from SCHNOTZ ET AL.
(2017a; 2017b) in terms of learners' visual focus on
text and longer text reading times in general content
comprehension tasks compared to markedly shorter
fixation durations on text in explicit tasks.

Second, despite the limited visual attention
given to discontinuous text compared to the contin-
uous text, there were still clear differences in fixation
durations, the number of fixations, and the number
of participants who skipped the images when com-
paring the three stimuli (A-C), their AOls, and tasks
1 and 2. Differences in visual attention distribution
to the AOI within a stimulus and between the stimuli
A, B, and C as well as between tasks 1 and 2 may be
attributed to different task types, hence inducing
distinct information selection patterns (YARBUS
1967; RAYNER 2009; EMHARDT ET AL. 2020), such as
content comprehension tasks (task 1), which habitu-
ally induce global coherence formation strategies,
while textbook tasks referring to discontinuous text
commonly cause task-specific information selection
strategies (SCHNOTZ ET AL. 2017a; 2017b).

Third, in the content comprehension tasks (task
1), participants considered images, albeit very
briefly, more often and ignored them less fre-
quently than in the textbook tasks (task 2). In con-
trast, while solving textbook tasks, participants
mainly focused on continuous text but with shorter
mean fixation durations compared with task 1, fo-
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cusing their visual attention on a few selected im-
ages. Here, perceived usability of the individual
AOlI, image content, formal image and task param-
eters, and the number and quality of material refer-
ences can determine whether and how much vis-
ual attention is paid to discontinuous textbook ele-
ments (MAGNER ET AL. 2016; KNIGHT ETAL. 2017). Con-
sequently, participants’ limited visual attention to the
photos, graphics, and maps during task processing
may have been caused, on the one hand, by usability
aspects, such as image content and formal image pa-
rameters and, on the other hand, by learners’ abilities
to effectively use images during task processing.

Fourth, pictorial and textual information was fre-
quently duplicated on stimuli A, B, and C (Fig. 5).
However, decoding photos, graphics, and maps is
cognitively more demanding (SCHEITER ET AL. 2014;
SCHNOTZ ET AL. 2014; BALLSTAEDT 2017) than pick-
ing information from continuous text, leading
learners to focus on the text and skip picture infor-
mation (SCHNOTz ET AL. 2017a; 2017b; 2014).
Therefore, although participants rated the pictures
positively in the questionnaire (Fig. 6), they might
have considered them less often when solving the
tasks because of redundancies in image and text
information. Another possible explanation is the il-
lusion of full understanding (PEECck 1993) stating
that familiar image motifs are often observed
briefly, reason why relevant image content is not
recognized.

Fifth, participants’ visual attention patterns (Figs.
7-15) suggest several difficulties both in decoding
pictorial information encoded in depicted photos,
graphics, and maps and in integrating information
from pictures and continuous text to solve the task.
For example, a high number of fixations on a task-
relevant graphic (e.g., M5 on stimulus C) (Figs. 9,
12) combined with a low number of correct task so-
lutions may (Fig. 12) indicate an attention compre-
hension gap (ST. AMANT & MELONCON 2015) or cog-
nitive overload (SWELLER & CHANDLER 1994;
CLINTON ET AL. 2017), potentially indicating learn-
ers’ challenges in decoding the graphic (DE VRIES &
Lowe 2010; ScHULER 2020).

Q3: Which visual information selection patterns
characterize successful and unsuccessful task
processing?

The results indicate four main visual information pat-
terns that characterize successful task processing.
First, findings of this study show that partici-
pants successfully processed both tasks by giving
correct answers effectively and efficiently based on
information selected through identifying and using
relevant continuous text and images. The partici-
pants who successfully completed both the content

comprehension (task 1) and the textbook task (task
2) selected task-relevant text sections instead of
reading through the entire continuous text and con-
sulting all depicted discontinuous text elements.

Moreover—and this stands for the second pattern
of successful task processing—the combined examina-
tion of the scan paths (Figs. 13—15) and participants’
fixation durations (Figs. 10—-12) suggests that suc-
cessful and unsuccessful task-processing strate-
gies can be also identified through visual attention
patterns, such as the participants’ fixations on task-
relevant elements, thus allowing for first conclu-
sions to be drawn about learners’ visual informa-
tion selection. Therefore, insights into successful
visual attention patterns in task solving can be
used to train successful task-processing strategies
in multimodal learning environments (JARODZKA ET
AL. 2010; VAN MEEUWEN ET AL. 2014; SCHEITER ET AL.
2015; McINTYRE ET AL. 2017). Nevertheless, caution
is required when interpreting visual attention pat-
terns based only on scan paths and fixations be-
cause, for example, a very high number of fixations
and long fixation durations on textbook elements
may also indicate challenges in task processing or
image decoding (PAAs ET AL. 2010; CLINTON ET AL.
2017; SCHEITER ET AL. 2018).

Consequently, scan paths and fixations need to
be considered in conjunction with other data, such
as formal visual parameters of the depicted text-
book elements, task settings and a precise evalua-
tion of the correct and incorrect task solutions.

Third, participants who included relevant im-
ages in task solving were more successful, even if
they only briefly considered these images. Conse-
quently, the present study showcases the multime-
dia effect (MAYER 2014), which states that knowl-
edge construction based on the combination of
image and text is more effective than alternatives
unilaterally relying either on text or images. There-
fore, the current study confirms the status of im-
ages as beneficial components of educational me-
dia. However, the study also shows that the multi-
media effect does not occur automatically just be-
cause images and text are depicted together on a
textbook spread. Instead, the effect size of the mul-
timedia effect depends on whether the image and
text parameters are appropriate designed in terms
of their usability and relevance to facilitate the
achievement of learning objectives, learners pos-
sess appropriate skills to beneficially utilize visuals
for their learning and other factors such as learn-
ers’ prior knowledge (SCHNOTZ ET AL. 2014).

Fourth, the present study has highlighted some
challenges to successful task processing that may
arise from the design parameters of the stimuli and
learners’ abilities to decode images, as well as to
integrate images and text. Participants failing to
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successfully process the task exhibited long fixa-
tion durations on the task section (stimulus B, Figs.
3, 8, 11, 14)—a possible effect of missing references
to the (dis)continuous text (Fig. 5). The differences in
fixation duration and frequency of visual attention
paid to continuous and discontinuous text may be
justified, among others, by the presence and ab-
sence of image references in the tasks.

Tasks that fail to guide learners’ attention may
result in more demanding visual information selec-
tion and increased cognitive load (SWELLER &
CHANDLER 1994; Paas ET AL. 2010), leading to re-
duced visual attention dedicated to relevant re-
sources (WEIDENMANN 1994; Horz & ScHNOTZ 2009;
BaADTE & ScHNOTZ 2012; BALLSTAEDT 2017). How-
ever, long fixation durations may indicate deep cog-
nitive processing or increased cognitive load
(CLINTON ET AL. 2017). Also, too many references in
one task may increase learners’ cognitive load
(SWELLER & CHANDLER 1994), which can be why stu-
dents will either observe only a selection rather
than all references or will consider all resources
only briefly (ScHNOTZ ET AL. 2017). Hence, knowl-
edge about the determinants of visual attention in
different tasks, such as the impact of image refer-
ences, can serve to develop concepts that can help
target the challenges in learning with current Ge-
ography textbooks, such as the integration of pic-
torial and textual textbook materials with geo-
graphical content (KLEINER 2015) and the evalua-

6. Conclusions and Future Research

This study aimed to investigate how usability pa-
rameters of discontinues text in Geography text-
books may affect learners’ visual attention during
the processing of content comprehension and text-
book tasks. To this end, this study examined how
learners visually interact with photos, graphics, and
maps in Geography textbooks while completing
two different learning tasks as well as how they as-
sess the usability of depicted textbook resources in
their learning. Using data triangulation, this study
employed a summative within-subject eye-tracking
study design and questionnaire to analyze the po-
tential of images as beneficial components of geo-
graphical educational media.

The findings of this study confirm that certain
task types induce differing visual information se-
lection patterns (YArRBUS 1967; RAYNER 2009,
EMHARDT ET AL. 2020) and that visual information
selection patterns are affected by image usability
parameters as well as learners' abilities to success-
fully integrate pictorial information into knowledge
construction with multimodal textbooks.

tion of images in geographical contexts (LUKINBEAL
2014). Consequently, to foster knowledge construc-
tion, image references in tasks should be as specific
as possible, limited in number and provide valuable
information rather than duplicating text information.

Overall, the findings of this study regarding the
image usability of current Geography textbooks
and more knowledge of how learners visually in-
teract with learning resources depicted in Geogra-
phy textbooks while completing tasks is relevant
for a media-rich subject, such as Geography
(DGFG 2020), because significant parts of geo-
graphic knowledge are conveyed through geo-
graphical visualizations, such as maps, graphics,
photos, schematic drawings, and diagrams
(NORMAN 2012; SCHNOTZ ET AL. 2017). The present
study shows that learners observe during task pro-
cessing those images in Geography textbooks that
they perceive as relevant, useful, and easily acces-
sible concerning their current learning goal, which
confirms prior research and the important role of
usability for learning with multimodal learning me-
dia (BoJko 2014; KNIGHT ET AL. 2017; PADILLA ET AL.
2018). Moreover, the present study revealed learn-
ers’ challenges in integrating textbook images suc-
cessfully in the completion of tasks may be affected
by usability parameters of textbook images, such as
inadequate visualization style, irrelevant image con-
tent, inadequate placement, size, or too many or
missing image references.

Based on the research questions, the key findings
of this study demonstrate that participants consid-
ered photos, graphics, and maps in Geography
textbooks as relevant learning resources.
However, the study revealed a disparity in par-
ticipants’ visual attention and participants’ high rat-
ings for visuals in the questionnaire, because dur-
ing task completion, they focused their visual at-
tention on continuous text and paid limited visual
attention to photos, graphics, and maps. The data
analysis, however, revealed marked differences in
learners’ visual attention between individual dis-
continuous text elements. During task processing,
learners prioritized their visual attention to de-
picted resources (i.e., images and text) according
to their perceived usefulness instead of generally
preferred visualization types, such as graphics. Par-
ticularly regarding to discontinuous text, partici-
pants’ visual information selection can be affected
by the perceived usability of depicted resources
(MAGNER ET AL. 2016; KNIGHT ET AL. 2017), the num-
ber and quality of material references in tasks, and
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redundancies between pictorial and textual infor-
mation as well as among photos, graphics, and
maps (SCHNOTZ ET AL. 2014; 2017a; 2017b).

Taking the above into consideration, learners
are consequently able to assess the usability of de-
picted resources in relation to their learning. This is
evidenced by the fact that learners observed only
the resources they considered relevant, useful, and
easily accessible for task processing regardless of
whether tasks referenced additional resources. Par-
ticularly in regard to maps, participants dedicated
little attention and rated their usability as limited.

Findings revealed that participants faced sev-
eral challenges while using depicted images to
complete set tasks, such as having limited abilities
to utilize pictorial information (DE VRIES & LOWE
2010; ScHULER 2020) and to effective integrate in-
formation from images and text (BALLSTAEDT 2017;
SCHNOTZ ET AL. 2017a; ScHNOTZ & WAGNER 2017).
Successful knowledge construction with multi-
modal textbooks requires learners to target rele-
vant information and then access, identify, and or-
ganize it into a coherent model (BUTCHER 2014;
ScHNOTZ 2014). This includes image decoding
(BALLsTAEDT 2017), multimodal literacy (BUCHER
2013; HoLsanova 2020), graphicacy (DE VRIES &
Lowe 2010), and targeted visual information selec-
tion strategies (RICE & DALLACQUA 2019).

This is reflected in the study, as participants who
successfully completed tasks showed effectual in-
formation selection patterns by selecting task-rele-
vant text sections and images as opposed to read-
ing the entirety of continuous text and observing
all depicted discontinuous text elements. Further-
more, these participants included relevant images
in task solving even if they only briefly considered
them. Consequently, the present study showcases
the multimedia effect (MAYER 2014) and confirms
that images are beneficial components of educa-
tional media. At the same time, this study demon-
strates the critical role of image usability for learn-
ing with multimodal textbooks since the magnitude
of the multimedia effect also depends on whether
the image and text parameters are appropriately
designed in terms of their usability and relevance to
facilitate the achievement of learning objectives
aside from learners' abilities to effectively utilize pic-
torial information for knowledge construction.

Formal visual image parameters mapped the
usability of images in learning media. These pa-
rameters are especially relevant to the processing
of textbook tasks involving images. This is due to
the fact that inadequate image design (e.g., size,
placement, image section, and visualization style)
detached from learning objectives may influence
students to opt out of considering such images

(HoLmavisT OLANDER ET AL. 2014; BALLSTAEDT 2017)
regardless of whether they include geographic
content relevant to the task. Therefore, knowledge
of learners’ image perception and learning-effec-
tive image parameters is relevant in a media-inten-
sive school subject such as Geography (DGFG
2020). This is largely because studies have demon-
strated that Geography instructors consider im-
ages important in teaching (KLEINER 2015) and em-
pirical evidence revealed learners’ challenges in con-
structing geographical knowledge by means of geo-
graphical visualizations (LUKINBEAL 2014; KLEINER
2015; JANkO ET AL. 2018). That said, images in educa-
tional media must be accessible, relevant, and useful
to be beneficial.

The results of the current study highlight the im-
portance of learning media design and well-de-
signed textbook images in guiding learners’ atten-
tion and support learning; pedagogically and vis-
ually well-designed textbook images may shape
learners’ attention and support knowledge con-
struction as well as orientate, motivate, and assist
them in focusing their attention (SCHNOTZ ET AL.
2009; Hoisanova 2014; BayLEN & D'ALea 2015;
HEIMANN & ScHUTz 2017; SeibL 2018). Conse-
quently, the findings presented in this study align
with current empirical evidence from Educational
Psychology on the efficiency of well-designed edu-
cational media for teaching and learning (HOCH ET
AL. 2021).

Thus, usability parameters of textbook images
strongly influence whether textbook images are
given visual attention as well as how effectively they
are used in the learning process. As a consequence,
they can shape geographical knowledge construc-
tion through geographical learning media.

To promote successful knowledge construction
by means of geographical visualizations, it is useful
to build learners’ effective visual information selec-
tion strategies and visual skills. Additionally, it is
beneficial to improve the usability of images in cur-
rent Geography textbooks. BALLSTAEDT shares this
perspective (2017, p. 53), stating that effective learn-
ing with textbook images requires that the ad-
dressees of the images be taught techniques for “in-
depth picture viewing” and that the textbook pro-
ducers be provided with “well-founded guidelines
for learning-effective image design”.

This study used original textbook spreads from
current textbooks as stimuli. It applied unaltered
tasks from the exercise section (Task 2) and was
conducted with the users of these textbooks. By
doing so, this study provides insight into the us-
ability of current Geography textbooks and the use
of photos, graphics, and maps to foster geograph-
ical knowledge. These insights may be useful for
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researchers, Geography teachers, and Geography
textbook authors because “[...] geography text-
books utilize a variety of visual resources including
maps, drawings, graphs, tables and photographs.
Thus, authors of geography textbooks are ex-
pected to be knowledgeable about and have the
visual literacy to deal with these resources’ (LEE ET
AL. 2020, p. 11).

Finally, it is necessary to address several limita-
tions of this study. First, the sample consisted of
participants exhibiting a rather homogenous age
structure, with an average of 15.26 years and a
small standard deviation of only 0.80 years. As ar-
gued by BoucHEIX ET AL. (2015), OUWEHAND ET AL.
(2016), and SCHNOTZ ET AL. (2017a), visual informa-
tion selection strategies may differ across age and
gender. Future studies with larger sample sizes
may investigate how age and gender affect learn-
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